Introduction: Passive motion palpation is an integral component in examination, diagnosis or classification, and treatment of persons with mechanical disorders of the cervical spine. If the magnitude of force application during passive movement assessment is associated with greater palpatory accuracy has not been established. Methods: This investigation used a novel mechanical model as a basis for assessing the palpatory force of students and clinicians. The model included multiple palpable resistance and displacement levels similar to that observed in humans. The ability of the subjects to discriminate the various levels of resistance and displacement offered by the model was concurrently measured. Results: Large variability occurred in the amount of force applied by the subjects in completing the palpatory examination. The data indicated no major differences in palpatory accuracy across the student and clinician groups with different training and experience levels beyond basic competency. Those subjects applying less force in the palpatory exam demonstrated greater accuracy of palpatory assessment with one measure. Discussion: The data indicate training and experience had minimal relationship to palpatory interpretation precision beyond the basic level and individual natural discriminatory ability may be a factor in accuracy of palpatory skill. The results demonstrate remarkable inconsistency in palpatory force among examiners and suggest that palpatory accuracy may be related to less force application.
Introduction
Evidence has accumulated over the past decade to indicate benefit from manual therapy interventions in treating patients with mechanical neck pain disorders and associated clinical syndromes, particularly when combined with exercise. [1] [2] [3] [4] [5] Criteria have also been identified as predictors of favorable responses for the use of manual therapy. [6] [7] [8] To target where to apply these techniques has not been clarified. Simple palpation for detection of tenderness in the cervical spine to localize the origin of pathology has yielded mixed results. 9, 10 Limited and conflicting evidence exists as to the validity of passive intervertebral motion (PIVM) in identifying symptomatic segments in the cervical spines of subjects with neck pain. Manual therapy practitioners have frequently cited the study by Jull et al. 11 as a validation of PIVM examination and its value in guiding the course of clinical care. In a more eloquently designed subsequent study that has been vigorously defended, 12 King et al. 13 challenged the presumed value of the cervical PIVM examination. Both studies relied solely on the skills and abilities of a single examiner. The application of segmentally specific manual therapy has been suggested to be insignificant. [14] [15] [16] The results of these studies suggest that specific manual palpation may not be required to identify mechanical lesions for focal delivery of effective mobilization or manipulation techniques. Motion irregularities are thought to be associated with mechanical pain syndromes on a consistent basis and identification of these lesions is considered an aim of examination. [17] [18] [19] For clinicians to render optimal care, including the appropriate inclusion or exclusion of manual therapy techniques, precision as to where to deliver those techniques has historically been accepted clinical reasoning. Thus, despite several studies, little is understood with certainty about the performance of PIVM and the ability of clinicians to detect changes in tissue resistance, potentially associated with mechanical neck pain syndromes.
A systematic review stated palpatory diagnostic tests are not reliable, simultaneously noting the faulty methodology in many of the studies. 20 Their collected findings suggest the reliability of examiners' judgments were only marginally above chance agreement. The authors considered all studies collectively, regardless of significant differences in techniques and study design. A small number of studies have suggested higher levels of agreement. In a particularly noteworthy result, blinded examiners agreed on palpatory results of subjects with congenital block vertebrae in the cervical spine, analogous to detection of hypomobile segments, with kappa values of 0.46-0.76. 21 Similarly, kappa values of 0.57, 0.60, and 0.84 were achieved among the three combinations of examiners in another carefully controlled study. 22 Addressing many of the methodological issues in these studies with PIVM in subjects being palpated has proven difficult because of a number of practical matters. As an example, the variance among persons with symptomatic and asymptomatic cervical spines has been an issue pertaining to validity and reliability in the passive motion palpation studies. Bias in analysis of reliability is readily introduced when subjects of PIVM palpation are known to be symptomatic or asymptomatic as occurred in multiple investigations. [23] [24] [25] [26] [27] [28] Knowledge of patient history, specifically pertaining to the cervical spine, has been found to affect the prevalence of positive findings. 29 The categorization of palpatory findings is also a consideration in these studies. A small number of studies used percent agreement among examiners, but failed to account for chance agreement. [30] [31] [32] The majority of the studies used a simple Cohen's kappa statistic in assessing inter-examiner reliability, but often did so in a manner to dichotomize the examiners assessment of the joint mobility into two rather stark categories of either pathomechanically limited or not limited. 17, 18, 24, [26] [27] [28] 33, 34 This type of designation essentially negates the ranges of mobility which naturally occur in the joints. Only two studies used a weighted kappa statistic, 23, 25 perhaps more consistent with gradations of mobility as might actually occur in the population. Another methodological issue to be noted is that all palpatory PIVM techniques were grouped together in the aforementioned systematic review. For example, side-glide palpatory technique data were grouped together with simple posterior-to-anterior (PA) pressure technique data, disregarding the potential for one method yielding better outcomes than another.
Interpreting normal as opposed to pathological movement in the palpatory exam is problematic as substantial normative data do not exist. Objective measurement methods for the palpatory process are not available; thus, the practice of performing the exam and subsequent instruction to others is necessarily subjective. Similarly, the act of an examiner completing PIVMs on an individual's cervical spine may change the mechanical properties of the tissues being examined. In effect, mobilization of suspect segments has been completed by the first PIVM examiner, providing the subsequent examiners with a different experience. As a result, direct sequential comparisons between examiners may be affected.
While the forces used in PIVM have been studied by several investigators, an association of those levels of force with palpatory accuracy has not been evaluated. [35] [36] [37] [38] [39] [40] The current study sought to explore the performance reliability and interpretive accuracy of examiners with multiple levels of education and experience in a frequently used examination skill, including use of force measurements. A mechanical model was constructed to allow comparison between examiners without substantive alteration in the interpretive experience as a result of the examination process. The effect of possible change in the subjects being palpated due to the examination process was eliminated, addressing one issue in many prior studies. Construction of the model included properties of the human cervical spine not previously reported in the literature in other simulation devices.
To date, simulation devices have used elastic resistance, which does not replicate the viscoelastic properties of human tissue. The model for this study incorporated an element of viscoelastic resistance, more closely simulating human tissue resistance. This model was then used to investigate the accuracy of examiners across four cohorts along with analyzing their performance characteristics. Experience and training levels were assessed for their relative accuracies, addressing another convention of palpatory skill. Subsequently, the results were used to consider the relationship of the examiners' interpretation accuracy and their performance attributes.
Methods
To minimize many of the methodological issues in prior passive motion studies, this investigation used a mechanical model of the cervical spine. Three key biomimetic properties were incorporated into the model. Viscoelastic resistance was accomplished by using a polymer gel (Perma-Gel TM , Permal-Gel Inc, OR, Albany, USA) with a modulus of elasticity consistent with human tissue. 41, 42 Three-point bending was included to allow greater motion in the middle of the unit than at either end, simulating greater mobility potential in the middle of the cervical spine than at the transitional segments. 43, 44 Perhaps most importantly, the force-displacement curves observed by Tuttle et al. 45 served as the basis for the range of curves available within the model (Fig.1 ).
For the purposes of testing, the design of the model also allowed for interchangeable modules permitting the capability to vary the resistance and allowable motion at each simulated vertebra over the course of multiple trials during testing with subjects. The design of the model is demonstrated in Fig. 2 .
A total of 66 subjects participated in this study, consisting of physical therapy students and clinicians in four cohorts: novice students, experienced students, novice clinicians, and experienced clinicians.
The novice students group (10 females and 6 males) was comprised of physical therapy students in their first semester of study of a single, entry-level clinical doctorate program. Their course content, at the time of data collection, had included no instruction in manual examination and treatment.
The experienced students group (13 females and 2 males) consisted of physical therapy students nearing the completion of their ninth academic term of a single, entry-level clinical doctorate program. All students had, at the time of data collection, completed four courses (12 semester hours) of academic work featuring manual examination and treatment skills in classroom and laboratory settings. Additionally, all students had 10 weeks of clinical education experience, albeit not necessarily in clinical settings allowing use of cervical spine palpatory examination skills.
The novice clinician group (12 females and 4 males) consisted of newly licensed physical therapists, having recently graduated from an entry-level master's degree program. All clinicians at the time of data collection were within the first 5 months of practice as licensed physical therapists in a variety of practice settings. All were geographically located in Kentucky, except for one in West Virginia.
The experienced clinician group (12 males and 7 females) was comprised of licensed physical therapists with clinical experience ranging from 5 to 32 years with a mean of 16.5 years. All had an outpatient orthopedic setting as the primary locus of clinical practice. The experienced clinicians graduated from multiple institutions in obtaining their degrees ranging from bachelor's degrees to clinical doctorate degrees. All had completed extensive continuing education, predominantly not of an academic setting, for manual examination and treatment skills with a variety of philosophical approaches represented. All experienced clinicians for this study were located in Kentucky.
Student subjects were recruited from announcements posted in the area of their classrooms along with mass electronic mail announcements. Specific provisions were made to avoid any academic coercion as part of the recruitment activity. Novice and experienced clinicians were recruited by the principal investigator by electronic mail solicitation and by direct contact. The potential list of experienced clinicians was derived from prior professional association and the principal investigator's knowledge of general practice patterns of these clinicians being inclusive of manual examination and treatment of patients with spinal disorders. The electronic mail solicitation included a description of the study and the participation requirements in regards to time commitment. Clinicians were also informed that the data collection equipment and process would be brought to their clinical site at a time of their selection in order to facilitate their participation.
The previously mentioned mechanical model was used as a simulation instrument in data collection for assessing the accuracy of subjects in palpating and judging various levels of PIVM. Additionally, data collection included measurement of their mechanical Hazle and Nitz A simulated passive intervertebral motion task Fig. 3 . The subjects were asked to replicate performing PA passive movements on the mechanical model in the same manner, as was their practice to yield an assessment during the clinical examination of a patient's cervical spine. They were not directed to perform the technique in a specific way, but the subjects were aware of the need to detect potential differences in the model as a result of their examination. The forces applied to the model were measured using an indirect method. By virtue of the subjects standing on the force-plate, the forces placed downwardly onto the model were subtracted from the force plate and measured as negative values from the starting points of the subjects' body weights. For the purposes of this study, only those forces applied vertically (Z-plane) were considered as this vector is consistent with the orientation of PA pressures.
Subjects were asked to rate the resistance and mobility to their applied PA pressures to five simulated vertebrae of the model using a scale of one to five. The midpoint of the scale at a rating of three most closely replicated the force-displacement curves as measured by Tuttle et al. 45 Before data collection, each subject was allowed to complete three practice trials on each module of the model to allow accommodation to the model and the testing procedure (45 oscillations total). Each subject moved left to right across the five simulated vertebrae, applying three oscillations of PA pressures. At the conclusion of each trial during testing, the subject was asked to rate each simulated vertebra. Each subject completed a total of 15 trials with five ratings in each trial, thus a total of 75 specific assessments. All subjects completed comparable trials of the model arrangement during data collection. The collected force plate data, default sampled at 50 Hz, was process through MatLab (version 7.7.0-R2008b) with a fourth-order low-pass Butterworth filter to minimize unwanted signal. As part of this process, residual analysis was undertaken, which indicated filtering at 4 Hz to be optimal for signal processing. The goal of the filtering was to allow the 15 force peaks representing the oscillations to be more readily identifiable by eliminating unwanted, higher frequency signal. At 4 Hz, however, some peaks consistent with the oscillatory force applications were eliminated or made more difficult to identify when compared to the raw data. Subsequent trials of filtering allowed determination that a frequency of 10 Hz offered the best clarity and sensitivity. From this processed data, the 15 identifiable peaks, usually occurring in five clusters of three repetitions were identified and their peak force values designated for analysis.
The groups were subsequently compared for accuracy of palpatory assessment, magnitude of force application, and performance characteristics. Specific analyses were conducted to determine intergroup differences. Additionally, analyses were completed to determine if any particular performance attributes were associated with greater accuracy.
At the conclusion of data collection, repeat testing of the model demonstrated a subtle shift to the right of the force-displacement curve of the level 3 modules. In effect, the level 3 modules became more like level 4 and discrimination between the two levels became more difficult. Thus, to compensate for this change, the comparisons of levels 3 and 4 were eliminated and the calculations adjusted commensurately.
The performance characteristics of all subjects were analyzed for their relationship to the accuracy of the palpatory interpretations concurrently completed during the data collection from the subjects. Mean peak force, frequency of the oscillations, and reliability of force delivery were analyzed for any effect on the subjects' abilities to be precise in rating the perceived level of force and displacement. This analysis was undertaken to determine if particular performance characteristics tend to facilitate more accurate assessment of PIVM. The absolute accuracy (count of matched subject ratings to model settings) and relative error (based on magnitude of error on each non-identical match) scores of all subjects were compared to the performance characteristics of all subjects using a general linear model. This statistical model was chosen because of a lack of basis for assumption of a normal distribution for the response variables in question. Additionally, analysis of the outcomes of the absolute accuracy and relative error scores each reveals a resemblance to a negative binomial distribution.
In comparing the settings of the model to the ratings provided by the examiner, the number of identically matching decisions to settings were scored by a cumulative count. A perfect score would yield a value of 75, while the lack of a match on each possible decision would result in a score of zero. Additionally, the relative accuracy of the subject rating of the model setting was considered. The intent for this was to allow greater credit for being only one interval away from the model setting as opposed to being a larger number of intervals away from the model setting. Scores for both parameters were calculated for each subject and then calculated within each of the four cohorts. A mixed model analysis of variance, which controlled for any bias because of the time of data collection over the 3-month period, was used to compare the scores across the groups for both the number of identically matching scores and the relative error pertaining to accuracy across the numerical scale. Statistical analysis was completed using multiple tools including data management through Excel 2007H (Microsoft Corporation, Redmond, WA, USA) and processing with SASH (SAS Institute, Inc., Cary, NC, USA).
Despite this study containing a relatively large number of subjects in comparison to past passive movement studies, a greater number of subjects would have provided more impressive results. The achieved effect size for the measurements of absolute accuracy was 0.47 at alpha-level 0.05. Post hoc power analysis was calculated to be 0.89. The relative error measurements yielded an effect size of 0.40 at alphalevel 0.05. Analysis of power performed retrospectively results in a value of 0.77. To achieve power at 0.80 as proposed by Cohen, 46 a total sample size of 72
would be required at the same effect size.
Results
With comparisons across the four groups, only the difference of the first-year students to the other groups revealed a significant mean difference for the count of matching subject ratings to model settings (P,0.01). Among the experienced student, novice clinician, and experienced clinician groups, no differences were detected in the means with P values ranging from 0.47 to 0.86. Two first-year students (12.5%), for whom this included novel tasks and judgments, scored above the mean of the experienced clinician group of this measure. In Table 1 , the least squares means of the four groups are listed in reference to the number of identically matching subject ratings and model settings. In similar fashion, the relative error scores were also compared between groups. The magnitude of variance of the subject's rating compared to the actual model setting was the basis for this score. The largest possible error score on each decision is four and the lowest (matching) is zero; this was totaled for each subject for each decision across all trials. A worst possible score was 300 and a perfect score of matching on all 75 opportunities would yield a value of zero. These are shown in Table 2 .
The relative error scores were similar to the absolute accuracy measures. The first-year student group mean reflects less accuracy compared to all other groups with P values ranging between ,0.01 and 0.03. Among the other three groups, no between group differences existed (P values 0.60-0.84).
The ranges of forces imparted into the model to simulate PIVM were highly variable across all subjects and within the groups (Table 3) . These values were calculated based upon the 15 identifiable peaks of force in each of the 15 trials for all 66 subjects. The results reveal the experienced clinicians, as a group, applied the most force and the novice clinicians the least force. The first and third-year students were approximately the same and were between the two groups of clinicians. Thus, all four groups contained widely ranging individual mean force applications in completing the simulated PIVMs. This is most evidenced by the group standard deviations. Most notably, the experienced clinician group standard deviation is larger than the magnitude of the mean, reflecting a remarkable distribution across the range of forces. Significant differences in groups as to peak mean forces of the PIVM oscillations were seen between all pairs of groups (all P,0.01), except for the first and third year students (P50.10). Again, a notable lack of consistency in force application is demonstrated.
The analysis of performance attributes and accuracy was completed with applying a negative binomial distribution and the general linear model. The absolute accuracy of all subjects with the coefficient for mean peak force was estimated to be ,20.01 with the concurrent probability of 0.04. Thus, a relationship of mean peak force and accuracy as measured by count of precise matches of examiner rating and the model setting is suggested. The application of greater force (measured negatively from the force platform) was associated with less absolute accuracy. A similar analysis was completed for the relative error scores with the force values. The coefficient for mean peak force was estimated to be ,20.01 with the concurrent probability of 0.15, not reaching a level of significance with the application of greater force and higher relative error scores.
Among the accuracy scores and force application measurements are individual values worthy of note. The most accurate individual, a clinician of 26-years experience, identically nominated the exact rating to the model setting on 72 of 75 decisions (96%). His mean peak force was measured at 6.37 N (1.43 pounds). Also within the experienced clinician group, an individual with over 30 years of practice, correctly matched the rating to the model setting only 33 of the 75 opportunities (44%). Her mean peak force was 124.51 N (27.99 pounds). Thus, a wide range of ability was demonstrated among experienced clinicians who routinely perform palpatory examination procedures as part of daily clinical care. The second most accurate subject was a novice clinician correctly identifying 65 of 75 ratings (87%) and whose practice experience of 3 months at the time of data collection focused on in-patient acute rehabilitation. This subject's actual experience in completing cervical PIVM was predominantly in instructional laboratories, while in the physical therapy curriculum with only minimal experience completing cervical passive motion in the clinical setting. The ability to perform the requested task at this level of precision would apparently be consistent with her individual abilities rather than the result of lengthy devoted practice and accumulated clinical experience. Her mean peak force was 21.06 N (4.73 pounds).
Discussion
The primary purpose of this study was to assess if particular performance attributes, such as magnitude of force application, were associated with assessment accuracy of a simulated palpatory exam. Prior studies of PIVM have been unable to approach this aspect because of having no standard for comparison across multiple subjects. To reiterate, the act of assessing PIVM may easily change the status of the segments being examined in live subjects such that the reliability of the experience of palpating the examinee's spine cannot be established. With the reliability offered by a mechanical model across several examiner subjects, accuracy would theoretically be studied in greater expanse. Prior investigations using mechanical devices in the study of PIVM have essentially examined minimal detectable differences of elastic resistance. In this study, a mechanical model of the cervical spine was developed to approximate the force-displacement curve available in the human cervical spine when a PA PIVM was applied. The model also incorporated viscoelastic resistance and three-point bending with the application of PA PIVM to more closely simulate the experience of assessment of the human cervical spine for the subjects.
Discrimination of the differing levels of resistance offered by the modules across the five positions on the model was a task requiring considerable sensorimotor skill. In examining the scores across the four groups, only the first-year students for whom this represented a new activity, demonstrated a significant difference from the other groups. Among third-year students and clinicians, regardless of experience level, no differences were demonstrated in their abilities to interpret force-displacement quantities design to approximate that observed in the human cervical spine. The accepted convention is expertise with manual skills is the direct result of continuing education and clinical experience, yet relatively few data support this notion, including the outcome of this investigation. The task required in this investigation was not an encompassing index of physical therapy manual skills, but rather primarily the subject's capacity to discriminate and rate relatively small differences allowable by palpatory skill. The greater expanse of psychomotor skills of a more complex nature used in the clinical setting may be better represented in another task or a series of tasks.
Additionally, the ability of skilled clinicians to identify other palpable subtleties, such as changes of tissue texture or temperature, may account for the levels of expertise often credited to experienced clinicians. Other dimensions of palpatory skill were not explored in this study.
Perhaps most noteworthy in these results are the ranges of scores across all subjects and within each group. Large arrays of values were represented even within somewhat homogenous groups of having similar education, training, and experience levels. Among the possibilities for this outcome is the potential for individuals to develop diverse internal concepts of normal and abnormal passive joint motion, particularly given the absence of any normative standard against which to assess their own perception of passively delivered movement. Among these cohorts, the third-year student group was the most homogenous at the time of data collection because of their relatively similar backgrounds of education and experience. Their familiarity level with manual skills at the time of data collection consisted primarily of performing manual examination and treatment skills on one another. As a group, they would presumably have less context of understanding abnormal motion states compared to practicing clinicians. The least homogenous group is the experienced clinician cohort, which was comprised of individuals with the greatest variety of education and training backgrounds. The members of this group would also have the most opportunity to develop the greatest diversity of conceptual frameworks of manual examination and treatment. Similarly, these individuals or others of similar backgrounds would have served as clinical instructors for the novice clinicians and possibly influenced the members of that group in their developing abilities.
A limitation of the prior studies examining the abilities of examiners to complete and interpret PIVMs has been the small number of subjects. The largest number of subjects in prior studies was 12. 47 The present study included 66 subjects among four cohorts at presumed levels of clinical aptitude. This greater number of subjects was made possible by the model allowing for greater standardization of the task across so many participants. Those prior studies, many with basic design weaknesses, suggested the clinician performance and assessment of PIVM is highly variable. Consistent with those prior investigations, this study further detailed the widely disparate performances among all levels of experience and knowledge.
The greatest variance in force application was among the experienced clinician group. Perhaps the variance in the task completed by examiners of PIVM is a contributor to the poor inter-rater reliability evidence in the PIVM studies. This finding would logically kindle the question as to whether greater standardization of the PIVM procedure would improve the results. The absolute accuracy measure suggested the application of lighter forces was associated with greater precision in interpretation of the mobility and resistance ratings. The second accuracy measure, intended to account for a scale of error, did not reveal a similar result. If a relationship exists with lighter force application and greater accuracy, this would be consistent with the findings of Tuttle et al., 9 whose work indicated the end point of the force-displacement curve during PIVM is not as critical diagnostically as the midrange. The concept of using increased palpatory resistance to PA pressure to represent pathology is supported by the work of multiple investigators, 48, 49 which demonstrates increased resistance being associated with symptomatic levels. These investigators showed that changes in the early to middle portions of the force-displacement curves were more revealing than the end points in identifying symptomatic levels. 49 This would appear to challenge long held beliefs about the end point of passively delivered movement in the spine being of greatest importance in describing mechanical lesions. The benefit of force feedback in learning manual skills has already been demonstrated with improved reliability. 47 If further research confirms this relationship with enhancing diagnostic accuracy, expanded use of objective feedback in learning manual skills may be indicated in educational models.
As noted previously, the most accurate clinicians were both an expert of 26 years' experience (96% correct) and a novice clinician (87% correct). A wide range of accuracies were demonstrated among experienced clinicians. These results suggest that the ability to perform and interpret palpation tasks may be more related to individual abilities than to years of training or experience. This possibility may be worthy of further study.
Limitations
Limitations are present in this study and should be considered when evaluating the results. A major premise of this study is that a mechanical model adequately allowed simulation of a PIVM task in humans. Although such a model may be constructed to possess some of the physical properties of a human cervical spine, the complexity of the human anatomy and the accompanying biomechanics cannot be precisely simulated. Further, the interaction of the examiner and individual being examined is multidimensional and cannot be reduced to the relatively simple interpretation of force-displacement curves. Examiners usually observe for many indicators clinical syndromes and overall patient presentation, both subtle and overt, in the course of a palpatory examination. Replicating those with a mechanical model is not possible. In this study, the PIVM activity is completely extracted from all other examination findings and patient interchanges. The examiners in this study were essentially required to use PIVM as a simplified diagnostic task. Under the conditions used in this investigation, examiners could not consider concurrent pain responses, which have been found to improve psychometric values under experimental conditions. 27 The experienced clinicians, in particular, may not have had the opportunity to use other observations upon which they routinely depend for assistance in decision-making, including other communication results, observations, specific examination findings, and well-developed skills in pattern recognition. While perhaps better isolating this particular task and its interpretation, this investigation also suggests the important nature of the clinician's complete appreciation and assessment of a patient's presentation. Another important limitation of this study concerns the circumstances of data collection. The students were in a relatively quiet environment. Data collection for the clinicians, novice and experienced, occurred at the sites of their clinical practice and often during the courses of their patient care days. The procedure occurred between patient visits with some subjects. Potential distractions from immediately surrounding patients, other clinicians, and clinical staff were present. Given the importance of attention to task along with the required retention of observations and interpretations for short-term recollection, the ability of clinicians to devote full focus to the requested undertaking may have been compromised on multiple occasions. Yet, this is the environment of assessment for clinicians utilizing PIVM as part of their regular exam process.
The availability of clinicians for testing purposes in adequate numbers representative of the physical therapy community was largely dependent upon data collection occurring at their sites of practice. Thus, access to clinician subjects largely governed this limitation being present. Similarly, the distribution of genders across the subjects in both student and clinician groups is a limitation. The subject groups are not representative of the population of students and practicing clinicians in this regard.
Conclusions
Multiple studies have shown the assessment of PIVM to have suspect validity and reliability. The lack of agreement between clinicians in their palpatory assessments has allowed questioning of many of the constructs of traditional manual therapy practices. The concern for the validity of manual therapy approaches is further reinforced by the widely varied performances of the magnitude of force applications of PIVMs, which was again demonstrated in this study.
The suggestion by this study is of the performance and interpretation of cervical PIVMs is, at least in large part, a function of native sensory discriminatory ability. Some novice students appear to grasp the concept and to have interpretive skill level performances comparable to experienced clinicians. Additionally, the data also imply that experience alone does not automatically advance a practitioner's skill level. How much of these skills are within the realm of refinement by instruction, practice, and feedback are questions for further investigation. Select experienced clinicians, perhaps those with greater native ability and refined from clinical practice, appear to demonstrate exceptional abilities to discriminate subtle changes in simulated PIVM. Whether this superior ability equates to better patient outcomes has yet been determined.
A portion of the data from this study indicates that lightly applied pressures, early in the force-displacement curve of cervical PIVM, may increase discriminatory ability. The evidence is not sufficient, however, to validate this as a clearly superior performance attribute. Until more is known as to whether a particular method of PIVM performance and assessment is superior, the nature of teaching and learning of PIVMs remains largely subjective and imprecise.
